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(54) Abstract Title 

Transmission power control over a wide range using an amplifier with a by-pass path and a circulator 



(57) In a transmission power control circuit having a power amplifier 11, a bypass circuit 24 may be selected 
for low power transmission, by the use of first and second switches 22,23 and a circulator 30 which has three 
ports. When the bypass circuit is connected to one port cl of the circulator through the first and the second 
switches, a signal which is not amplified by the power amplifier is circulated to a remaining port a1 of the 
circulator for connection of the power amplifier and is reflected at the remaining port to be sent to an output 
port b1 of the circulator without attenuation. On connection of the bypass circuit, the power amplifier is turned 
off to reduce current consumption therein. 
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TRANSMISSION POWER CONTROL CIRCUIT CAPABLE OF VARYING 
ELECTRIC POWER OVER A WIDE RANGE 



This invention relates to a transmission power 
control circuit for use in a transmitter and, in particular, 
to a transmission power control circuit which is included 
in a transmitter used in a code division multiple access 

(CDMA) system. 

Heretofore, proposal has been made in Japanese 
Unexamined Patent Publication Nos . Hei 7- 336243 (namely, 
336243/1995) , Hei 8-222963 (namely, 222963/1996) , and Hei 
5-83041 (namely, 83041/1993) about a wide variety of 
transmission power control circuits which can be used in a 
CDMA system which has a base station and a plurality of 
mobile stations communicable with the base station. This 
is because transmission power is controlled in each mobile 
"station of the CDMA system in response to a control signal 
sent from a base station. To this end, the transmission 
power control circuit is usually included in the 
transmitter of each mobile station and must cope with a 
variation over a very wide range, such as 70 dB. 

More specifically, the transmission power control 
circuit disclosed in Hei 5-83041 (will be simply referred 
to as Reference) mentioned above has a power amplifier 
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circuit which includes a FET as an amplifying element and a 
gate bias circuit for controlling a gate bias of the FET. 
With this structure, it is possible to reduce electric 
power on low power transmission not only by controlling not 
only a drain bias of the FET but also by varying the gate 
bias of the FET. In this event, electric power consumption 
can be decreased by reducing an electric current caused to 
flow through the FET on the low power transmission within a 
predetermined output range. 

However, it is to be noted that such a reduction of 
the electric power consumption can be established only 
within the predetermined output range. In other words, 
such a power reduction can not be realized when an output 
level becomes lower than the predetermined output range. 
This is because the power amplifier which includes the FET 
must keep a linear characteristic and can not reduce an 
idle current to zero on the low power transmission. 

^immary of i-Jhe Invention: 

It is an object of this invention to provide a 
transmission power control circuit which is capable of 
controlling transmission power over a very wide range. 

It is another object of this invention to provide a 
transmission power control circuit of the type described, 
which can be effectively used in a CDMA system. 

It is still another object of this invention to 
provide a method of controlling transmission power over a 
very wide range by using a circulator. 
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A transmission power control circuit to which this 
invention is applicable has a circuit input terminal and a 
circuit output terminal. According to this invention, the 
transmission power control circuit comprises first 

transmission circuit which has a first input terminal and a 
first output terminal, a second transmission circuit which 
has a second input terminal and a second output terminal, a 
circulator which has a first circulator port connected to 
the first output terminal , a second circulator port 
connected to the circuit output terminal, and a third 
circulator port selectively connected to the second output 
terminal and which circularly trans-its an electric signal 
from a selected one of the second and the third circulator 
ports to the first circulator port, and a switch circuit 
which selectively connects the circuit input terminal to 
the first and the second transmission circuits to 
selectively supply the electric signal to the first and the 
third circulator ports. 

In this event, the first transmission circuit has an 
output impedance and the electric signal is sent from the 
third circulator port to the second circulator port through 
the first circulator port in dependency upon the output 
impedance when the switch circuit selects the second 
transmission circuit to supply the electric signal to the 
third circulator port through the second transmission 
circuit. 

Herein, the first transmission circuit may include a 
power amplifier for amplifying the electric signal while 
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the second transmission circuit may include a bypass 
circuit which does not amplify the electric signal. In 
this event, it is possible to vary a gain of the 
transmission power control circuit over a wide range by 
selecting the power amplifier and the bypass circuit. 
Moreover, the circulator serves to avoid attenuation of the 
electric signal sent from the bypass circuit. 

In a second aspect the present invention provides a 

transmission power control circuit operable in 
response to an input transmission signal to produce an 

output signal, comprising: 

a power amplification circuit for amplifying the 
input transmission signal into an amplified signal; 

a bypass circuit for bypassing the input transmission 
signal to produce a non-amplified signal; and 

a selection circuit for selecting either one of the 
amplified signal and the non-amplified signal to 
widen the range of the gain of the output signal. 
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In a third aspect the present invention provides a 

method of controlling the electric power of an 
output transmission signal produced in response to an input 
transmission signal, comprising: 

preparing a circulator which has a first circulator 
port, a second circulator port, and a third circulator 
port ; 

connecting, to the first circulator port, an 
amplifier which has an output impedance and which produces 
an amplified signal in response to the input transmission 
signal ; 

connecting, to the third circulator port, a bypass 
circuit which has an impedance lower than the output 
impedance of the -amplifier; 

selectively supplying the input transmission signal 
through the bypass circuit to the circulator to circulate 
the input transmission signal from the third circulator 
port to the second circulator port through the first 
circulator port, to thereby cause reflection of the input 
transmission signal to occur at the first circulator port, 
.and to produce a circulated signal as the output 
tr ansmi s s ion s ignal . 
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p-r-io-F riPScri pHon of th<=> prflwjnq : 

Fig. 1 is a block diagram for use in schematically 
describing a conventional transmission power control 
circuit; 

Fig. 2 is a block diagram for use in describing a 

nnnfrol circuit to which this invention 
transmission power control circuit 

is applicable; 

Fig. 3 is a schematic block diagram for use in 
describing a transmission power control circuit according 
to a first embodiment of this invention ; 

Fig. 4 is a specific block diagram of the 
transmission power control circuit illustrated in Fig. 3; 

Fig. 5 is a partial block diagram for use in 
describing a transmission power control circuit according 
to a second embodiment of this invention; and 

Fig. 6 is a block diagram for use in describing a 
mobile station which includes the transmission power 
control circuit according to this invention. 
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T^o rT i pi-ion of t*»o Prpfftrred Embodiments .: 
Referring to Fig. 1, description will be made about a 
conventional transmission power control circuit which is 
substantially equivalent to that shown in Reference cited 
in the preamble of the instant specification. In Fig. 1, 
the conventional transmission power control circuit 
comprises a power amplifier 11 which has an amplifier input 
terminal and an amplifier output terminal and which 
includes at least one field effect transistor (FET) (not 
shown) as an amplifying element. As known in the art, the 
FET has a drain electrode, a source electrode, and a gate 
electrode. The drain electrode of the FET is connected 
through a drain bias circuit 12 to a power source (not 
shown) while the gate electrode of the FET is connected to 
a gate bias controller 13 which has a gate control terminal 
14 given a gate control voltage from a controller (not 
shown) . 

On the other hand, the amplifier input terminal is 
connected to a variable attenuator 16 through a circuit 
..input terminal 17 to which an input transmission signal is 
given. With this structure, the input transmission signal 
is delivered to the power amplifier 11 after it is adjusted 
in level by the attenuator 16. The power amplifier 12 can 
be selectively put into an on state or an off state by 
switching a source voltage sent from the power source by 
the drain bias circuit 12 connected to the drain electrode 
of the FET. Moreover, the gate electrode of the FET 
included in the power amplifier 11 is controlled by the 
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gate bias controller 13 connected to the gate control 
terminal 14 . 

in the illustrated transmission power control circuit, 
the gate bias voltage of the gate electrode in the FET is 
varied in response to the gate control signal to change 
output power of an output transmission signal over a 
predetermined range while the power amplifier 11 is turned 
on. The output transmission signal controlled by the gate 
bias controller 13 is sent from the power amplifier 11 
through an isolator 18 to a circuit output terminal 19 as 

an output signal OUT. 

in the above-mentioned structure, it is possible to 
reduce power consumption during a low output state by 
restricting a drain current by the gate control voltage. 
However, the transmission power control circuit illustrated 
in Fig. 1 is disadvantageous in that restricting the drain 
current is limited to the predetermined range because the 
power amplifier 11 must be put into an operated state, even 
W hen the power amplifier 11 is operated in the low output 
state, as mentioned before. 

Referring to Fig. 2, a transmission power control 
circuit to which this invention is applicable has a 
preamplifier 20 located before the power amplifier 11 and 
an isolator 18 connected to the circuit output terminal 19 
like in Fig. 1. In addition, the illustrated power 
amplifier 11 is assumed to have an FET like in Fig. 1 and 
comprises a drain bias circuit 12' connected to the drain 
electrode of the FET and a gate bias circuit 21 connected 



to the gate electrode of the FET. 

As shown in Fig. 2, the illustrated transmission 
power control circuit has a first switch 22 between the 
preamplifier 20 and the power amplifier 11 and a second 
switch 23 between the power amplifier 11 and the isolator 
18. Each of the first and the second switches 22 and 23 
has a changeover port a, a first switch port b, and a 
second switch port c. A bypass circuit 24 is connected 
between the second switch ports c of the first and the 
second switches 22 and 23 while the first switch ports b of 
the first and the second switches 22 and 23 are connected 
to an amplifier input terminal and an amplifier output 
terminal of the power amplifier 11. 

Each of the first and the second switches 22 and 23 
is switched in response to a control signal Co to 
selectively connect the changeover port a to the first 
switch port b or the second switch port c. The control 
signal Co is given from a controller (not shown) to each of 
the first and the second switches 22 and 23. 

in the illustrated example, when the transmission 
"power control circuit is operated at a high power level, 
the changeover ports of the first and the second switches 
22 and 23 are connected to the first switch ports b, as 
shown in Fig. 2 . As a result, the preamplifier 20 is 
connected to the power amplifier through the first switch 
22 and the power amplifier 23 is connected to the isolator 
18 through the second switch .23. Therefore, a transmission 
input signal which is given to the preamplifier 20 is 
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amplified by both the preamplifier 20 and the power 
amplifier 23 into the output signal of the high power level 
which is sent through the isolator 18 and the circuit 

output terminal 19. 

On the other hand, when the illustrated transmission 
power control circuit is operated at a low power level, the 
first and the second switches 22 and 23 are switched from 
the first switch ports b to the second switch ports c. As 
a result, the preamplifier 20 is connected to the bypass 
circuit 24 through the first switch 22 and is also 
connected to the isolator 18 through the second switch 23. 
Thus, an output signal amplified by the preamplifier 20 is 
given as the output signal OUT through the circuit output 
terminal 19 without being amplified by the power amplifier 
11 . This shows that the power amplifier 11 is bypassed by 
the bypass circuit 24 and may be kept inactive under 
control of the drain bias circuit 12- , like in Fig. 1. 

With this structure, it is possible to reduce power 
consumption in the power amplifier 11 because the output 
signal of the preamplifier 20 is directly sent through the 
circuit output terminal 19 as the circuit output signal. 

However, the transmission power control circuit 
indispensably causes a power loss to occur at the second 
switch 23 when the power amplifier 11 is kept active. 

Referring to Fig. 3, a transmission power control 
circuit according to a first embodiment of this invention 
comprises similar parts designated by like reference 
numerals and symbols in Fig. 2. More specifically, the 
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illustrated transmission power control circuit has the 
circuit input terminal (depicted by IN) , the circuit output 
terminal (depicted by OUT) , the preamplifier 20 connected 
to the circuit input terminal IN, the first switch 22, the 
drain bias circuit 12', and the gate bias circuit 21, like 
in Fig. 2. The power amplifier 11, the drain bias circuit 
12 1 , and the gate bias circuit 21 may be considered as 
being equivalent to those illustrated in Fig. 2 and may be 
collectively called a power amplification circuit 25. 

In the illustrated example, the power amplifier 11 
has an amplifier input terminal and an amplifier output 
terminal. For convenience of description, the power 
amplifier 11 will be called a first transmission circuit 
while the amplifier input terminal and the amplifier output 
terminal may be called a first input terminal and a first 
output terminal, respectively. Likewise, the bypass 
circuit 24 will be called a second transmission circuit 
which has a second input terminal and a second output 
terminal connected to the first and the second switches 22 
and 23' in the illustrated manner. 

In the illustrated example, the first switch 22 is 
connected between the preamplif ier 20 and the amplifier 
input terminal or the first input terminal of the power 
amplifier 11. On the other hand, a circulator 30 is 
connected between the amplifier output terminal or the 
first output terminal of the power amplifier 11 and the 
circuit output terminal OUT. Specifically, the illustrated 
circulator 30 has a first circulator port al connected to 
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the amplifier output terminal of the power amplifier 11, a 
second circulator port bl connected to the circuit output 
terminal OUT , and a third circulator port cl connected to a 
second switch 23' which has a changeover port aa, a frrst 
switch port bb, and a second port cc. 

As shown in Fig. 3, the changeover port aa of the 
second switch 23- is connected to the third circulator port 
cl of the circulator 30 while the first port bb of the 
second switch 23' is connected to a terminator 31 which has 
„ impedance determined in relation to a characteristic 
i„pedance of a transmission path including the power 
amplifier 11. «*. 1" Fig. 2, the second port cc of the 
second switch »• is connected to the second port c of the 
f irst switch 22 through the bypass circuit 24. The first 
„* the second switches 22 and 23' nay be collectively 
referred to as a selection circuit which selectively 
connects the circuit input terminal IK to the power 
^plifier 11 and the bypass circuit 24 to selectively 
supply the electric signal to the circuit output terminal 



OUT. 



in addition, the illustrated transmission power 
control circuit further comprises a controller 32 connected 
to the first and the second switches 22 and 23' . The 
illustrated controller 32 is also connected to the drain 
hies circuit 12- and the gate bias circuit 21 to control 
the drain electrode and the gate electrode of the FFT 
included in the power amplifier 11. 
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in Fig. 3, it is to be noted that the circulator 30 
serves to circulate an electric signal from the third 
circulator port cl to the first circulator port al, from 
the first circulator port al to the second circulator port 
bl, and from the second circulator port bl to the third 

circulator port cl . 

Now, description will be made about operation of the 
illustrated transmission power control circuit. 

Herein, let the controller 32 detect that a reception 
or an input signal has a transmission level higher than a 
predetermined level. Furthermore, it is assumed that the 
controller 32 delivers a switch control signal to the first 
and the second switches 22 and 23' to connect the 
changeover ports a and aa of the first and the second 
switches 22 and 23' to the first ports b and bb. 
Consequently, the first port b of the first switch 22 is 
connected to the power amplifier 11 while the first port bb 
of the second switch 23' is connected to the terminator 31. 
Under the circumstances, both the drain bias circuit 12' 
and the gate bias circuit 21 become active and, as a result, 
the power amplifier 11 is put into the active state. In 
this event, the transmission input signal which is given 
through the circuit input terminal IN is delivered to the 
preamplifier 20 and is preliminarily amplified into a pre- 
amplified signal. The pre-amplif ied signal is supplied 
through the first switch 22 to the power amplification 
circuit 25 and is amplified into an amplified signal to be 
sent to the first circulator port al of the circulator 30 . 
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The amplified signal supplied to the first circulator 
port al of the circulator 30 is circulated to the second 
circulator port bl of the circulator 30 and is produced as 
the output signal through the circuit output terminal OUT. 

Let the controller 32 detect that the reception 
signal has a level which is not higher than the 
predetermined level. In this case, both the drain bias 
circuit 12 • and the gate bias circuit 21 are put into 
inactive states and, as a result, the power amplifier 11 
becomes inactive. Furthermore, it is surmised that the 
controller 32 sends the switch control signal to the first 
and the second switches 22 and 23 • to connect the 
changeover ports a and aa of the first and the second 
switches 22 and 23' to the second ports c and cc. Thus, 
the preamplifier 20 is connected to the circulator 30 
through the first switch 22, the bypass circuit 24, and the 

second switch 23'. 

in this case, the pre-amplif ied signal which is 
amplified by the preamplifier 20 is sent to the circulator 
..30 through the first switch port c of the first switch 22, 
the bypass circuit 24, the second switch port cc, and the 
changeover port aa, and the third circulator port cl of the. 
circulator 30. Thus, the pre-amplif ied signal is supplied 
to the circulator 30 through the bypass circuit 24 without 
being amplified by the power amplification circuit 25 and 
m ay be called a non-amplified signal. The non-amplified 
signal supplied to the third port al of the circulator 30 
is circulated from the third circulator port cl to the 
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second circulator port bl of the circulator 30 and is 
thereafter circulated from the first circulator port al to 
the second circulator port bl to be produced as the output 
signal through the circuit output terminal OUT. 

When the non-amplified signal is circulated from the 
third circulator port cl to the first circulator port al , 
the power amplification circuit 25 is put into the inactive 
state, as mentioned above. This means that an output 
impedance of the power amplification circuit 25 is 
extremely high and a voltage standing wave ratio (VSWR) 
becomes large at the first circulator port al of the 
circulator 30. As a result, the non-amplified signal is 
substantially subjected to reflection at the first 
circulator port al of the circulator 30 and is circulated 
to the second circulator port bl of the circulator 30 
without being attenuated at the first circulator port al . 
Therefore, the non-amplified signal is transmitted to the 
circuit output terminal OUT without any loss. 

Referring to Fig. 4 together with Fig. 3, the 
. transmission power control circuit comprises an automatic 
gain control (AGO amplifier as the preamplifier 20. The 
AGC amplifier 20 is controlled by the controller 32 which 
has a main control circuit 321 formed by a CPU and an 
output power control circuit 322 connected to the AGC 
amplifier 20. The illustrated output power control circuit 
322 also controls the first and the second switches 22 and 
23' and the drain bias circuit 12' under control of the 
main control circuit 321. On the other hand, the main 
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control circuit 321 is coupled to the drain bias circuit 
12' and the gate bias circuit 21. 

in Fig. 4, the drain bias circuit 12' includes an AND 
gate 121, N-channel MOS FET , P-channel MOS FET, and a pull- 
up resistor 122 all of which are connected in a manner 
shown in Fig. 4. The AND gate 121 is connected to both the 
^in control circuit 321 and the output power control 
circuit 322 which are mentioned before. 

Furthermore, the gate bias circuit 21 illustrated in 
Fig. 4 comprises a digital-to-analog (D/A) converter 211, 
an inverting amplifier 212, and a negative voltage 
generating/stabilizing circuit 213 which may be structured 
by a DC-DC converter. As shown in Fig. 4, the D/A 
converter 211 is connected to the main control circuit 321 
w*ile the inverting amplifier 212 is located between the 
D /X converter 211 and the drain bias circuit 12-. The DC- 
DC converter 213 is connected to the power source and is 
also connected to the inverting amplifier 212. The 

212 is structured by an 

illustrated inverting amplifier 

operational amplifier. 

The main control circuit 321 sends a logic »1» signal 
as a main control signal to the drain bias circuit 12- at 
the beginning of transmission to turn the sa^e into an on- 
state on one band and indicates a transmission level to the 
output power control circuit 322 on the other hand. 
Kesponsive to the transmission level, the output power 
control circuit 322 co-pares the transmission level with a 
threshold level. 
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in addition, the output power control circuit 322 
supplies the AGC amplifier 20 with an AGC voltage which 
corresponds to the transmission level. Moreover, the main 
control circuit 321 supplies the D/A converter 211 with a 
digital data signal representative of the transmission 
level. The digital data signal is converted by the D/A 
converter 211 into an analog signal corresponding to the 
transmission level and is sent to the inverting amplifier 
212. As shown in Fig. 4, the inverting amplifier 212 is 
given a positive source voltage +Vcc and a negative source 
voltage obtained by adding, to -Vcc, a negative voltage 
given by the DC-DC converter 213. With this structure, a 
negative output voltage can be generated by the inverting 

amplifier 212. 

in Fig. 4, it is assumed that the output power 
control circuit 322 detects that the transmission level is 
lower than the threshold level. Under the circumstances, 
the output power control circuit 322 delivers the switch 
control signal to the first and the second switches 22 and 
23' to bypass the power amplifier 11 by connecting the 
"first and the second switches 22 and 23' to the bypass 
circuit 24. in this event, the output power control 
circuit 322 sends a logic "0" signal as an off signal to 
the drain bias circuit 12 ' . As a result, the AND gate 121 
of the drain bias circuit 12' produces the logic "0" signal 
to put the drain bias circuit 12- into the inactive state. 

in this situation, the reception signal is given as a 
transmission input signal through the circuit input 
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terminal IN and is amplified by the AGC amplifier 20 to the 
transmission level. The amplified signal is thereafter 
sent through the bypass circuit 24 to the circulator 30 
w hen the output power control circuit 322 detects that the 
transmission level is lower the threshold level. 

On the other hand, when the transmission level 
is not lower than the threshold level, the output power 
control circuit 322 delivers the first and the second 
switches 22 and 23' to the switch control signal. In this 
case, the power amplifier 11 and the terminator 31 are 
connected to the AGC amplifier 20 and the circulator 30 
through the first and the second switches 22 and 23', 

respectively. 

Moreover, the output power control circuit 322 
supplies the logic »1» signal as an on signal to the AND 
gate 121, with the logic »1» level signal given from the 
«!» control circuit 321 to the AND gate 121. This ma*es 
the AHD gate 121 produce the logic "1" level signal, under 
the circumstances, the drain bias circuit 12' is put into 
the active state and, as a result, the source voltages VDD1 
and VDD2 are given from the power source to the power 
a^lifier 11 through the drain bias circuit 12 ■ . I.i>cewise, 
the gate bias circuit 21 is also put in an active state. 

More specifically, .the logic "1" level signal is 
produced by the AND gate 121 of the drain bias circuit 12 • . 
in this case, the N-channel MOS FET is turned into an on 
state and the P-channel MOS FET is also turned into an on 
state, in consequence, the power source is electrically 
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connected to the power amplifier 11 through the P-channel 
MOS FET to supply the source voltage VDD1 and VDD2 to the 

power amplifier 11. 

On the other hand, when the AND gate 121 is turned 
off, the N-channel MOS FET is put in*;o the off state. 
Since the gate electrode of the P-channel MOS FET is pulled 
up by the pull-up resistor 122, the P-channel MOS FET i? 
also put into the off state. No source voltage is given to 
the power amplifier 11 . 

The illustrated power amplifier 11 includes first and 
second FETs 111 and 112 each of which has a drain electrode 
D, a source electrode S, and a gate electrode G. Both the 
drain electrodes D of the first and the second FETs 111 and 
112 are supplied with source voltages VDDl and VDD2 from 
the drain bias circuit 12' through coils while both the 
source electrodes S are grounded. The gate electrode G of 
the first FET 111 is coupled to the first switch 22 while 
the gate electrode G of the second FET 112 is coupled to 
the drain electrode D of the first FET 111. The drain 
electrode of the second FET 112 is coupled to the 
circulator 30 through a capacitor and the amplifier output 
terminal . 

When the power amplifier 11 is not bypassed by the 
first switch 22, the gate bias circuit 21 supplies the gate 
bias voltage Vg to the gate electrodes of the first and the 
second FETs 111 and 112 through resistors. The gate bias 
circuit 21 makes it possible to set the gate voltages of 
the first and the second FETs 111 and 112 into optimum 
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levels in accordance with the transmission level. In. other 
words, the consumption current can he determined by the 
gate bias circuit 21 very efficiently with linearity kept. 

Herein, it is to be noted that the transmission power 
control circuit illustrated in Fig. 4 can supply the pre- 
a.nplified signal to the third circulator port =1 of the 
circulator 30 through the bypass circuit 24 and the second 
switch port cc of the second switch 23' when the 
transmission level is lower than the threshold level, as 
described before. In other words, the pre-amplif ied signal 
is delivered to the circulator 30 without being amplified 
by the power amplifier 11 and may be called a non-amplified 
signal. The no'n-amplif ied signal is circulated from the 
third circulator port cl to the first circulator port al of 
the circulator 30 and is totally reflected at the first 
circulator port al because the power amplifier 11 is put 
into the inactive state. Subsequently, the reflected signal 
is sent from the first circulator port al to the second 
circulator port bl of the circulator 30 and is produced as 
. the output transmission signal through the circuit output 

terminal OUT. 

At any rate, the illustrated transmission power 
control circuit can bypass a transmission path including 
the power amplifier 30 at a low transmission level by using 
the first and the second switches 22 and 23 • to switch the 
transmission path to another transmission path which 
includes no power amplifier. While the power amplifier 30 
is bypassed by the first and the second switches 22 and 23- 
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the power amplifier 30 is kept in the inactive state or an 
off state under control of the controller 32 . Such an off 
state of the power amplifier 30 is helpful to increase the 
VSWR at the first circulator port al of the circulator 30 
at which the power amplifier 11 is connected. Accordingly, 
it is possible to reduce power consumption at the low 
transmission level and to avoid attenuation of the non- 

amplified signal. 

Referring to Fig. 5, a transmission power control 
circuit according to a second embodiment of this invention 
comprises an intermediate circuit 35 between the power 
amplifier (PA) 11 and the circulator 30 both of which are 
similar to those illustrated in Figs. 3 and 4 . The 
intermediate circuit 35 may be included in the power 
amplification circuit and is specified by a diode 40 which 
has an anode connected to the power amplifier 11 and a 
cathode connected to the first circulator port al of the 
circulator 30. Thus, the diode 40 is connected in an 
inverse direction with respect to the circulator 30. 

The illustrated intermediate circuit 35 has choke 
coils 351 and 352 connected to the anode and the cathode of 
the diode 40, respectively, a capacitor 353 connected 
between the choke coil 352 and the ground, and a resistor 
354 connected to the choke coil 352 in series. 

Preferably, the diode 40 may be, for example, a PIN 
diode. In any event, the first circulator port al of the 
circulator 30 is substantially put into an open state when 
the power amplifier 11 is bypassed in the manner mentioned 
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before and is seen from the circulator 30. This structure 
can completely reflect the non-amplified signal given to 
the first circulator port al from the third circulator port 
cl. Thus, the non-amplified signal can be circulated or 
transmitted from the first circulator port al to the second 
circulator port bl without a substantial loss. 

Referring to Fig. 6, description will be made about a 
ffi obile station which includes the transmission power 
control circuit illustrated in Fig. 3 or 4 and which 
comprises a transmitter section 41 and a receiver section 
42. As shown in Fig. 5, the transmission power control 
circuit is included in the transmitter section 41 and 
comprises similar parts designated by like reference 
numerals and symbols, like in Fig. 3 or 4. Therefore, 
description will be mainly made about the receiver section 
42 . The illustrated receiver section 42 is coupled to an 
antenna through a duplexer 51 used in common to the 
transmitter section 41, a low noise amplifier (LNA) 52, a 
band-pass filter 53, a mixer 54, another band-pass filter 
. 55, an AGC amplifier 56, a demodulator 57 , and a reception 

signal processor 58. 

in addition, the demodulator 57 is coupled to a 
synthesizer 59 controlled by the main control circuit 321 
and supplies the signal processor 58 with a demodulated 
signal which includes an in-phase component (I) and a 
quadrature component (Q) . The in-phase and the quadrature 
components (I) and <Q) are processed by the reception 
signal processor 58 into a sequence of reception decoded 
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signals under control of the main control circuit 321. As 
shown in Fig. 6, the main control circuit 321 is coupled to 
a codec 61 which generates a succession of codes which are 
used for the CDMA system and makes the signal processor 58 
decode the in- P hase and the quadrature components (I) and 

( Q ) into the reception decoded signals by the use of the 

codes . 

Similar operation is carried out in connection with a 
control signal sen, from a base station (not shown) . As a 
result, the control signal is given to the main control 
circuit 321. Supplied with the control signal from the 
base station, the main control circuit 321 indicates the 
transmission level of the output power control circuit 322 
and supplies the gate bias circuit 21 with the digital 
signal corresponding to the transmission level. 

In the illustrated transmitter section 41, a 
transmission signal generator 63 is also included to 
generate in-phase and quadrature transmission components 
(I) and (Q) under control of the main control circuit 321 
..coupled to the codec 61. At any rate, the transmission 
signal is coded by the codec 61 into each of the in-phase 
and the quadrature transmission components (I) and (Q) 
which is sent from the transmission signal generator 63 in 
the form of a sequence of digital signals . The in-phase 
and the quadrature transmission components (I) and CQ> are 
given to a modulator 64 which is coupled to the synthesizer 
59 and which may execute quadrature modulation, such as 
quadrature phase shift keying, quadrature amplitude 
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modulation, to deliver the transmission signal to the AGC 
amplifier 20 through a band-pass filter 65. 

The AGC amplifier 20 produces the pre-amplif ied 
signal in the manner mentioned in conjunction with Fig. 4. 
The pre-amplified signal is selectively supplied through 
the power amplifier 11 to the circulator 30 or through the 
bypass circuit 24 to the circulator 30, as mentioned before. 
Thus, the pre-amplified signal is directly transmitted 
through the antenna without being amplified by the power 
amplifier 11 when the power amplifier 11 is bypassed. On 
the other hand, the illustrated power amplifier 11 itself 
can also vary output power over a wide range by controlling 
the drain bias circuit 12- and the gate bias circuit 21. 
Accordingly, the transmitter section 41 illustrated in Pig. 
6 can control the transmission power over a very wide range, 
in any event, a transmission output signal is transmitted 
to the base station in the form of a radio signal through 
the circulator 30, the duplexer 51, and the antenna. 

in Fig. 6, the synthesizer 59 serves to deliver a 
local oscillation signal and any other oscillation signals 
"to the mixer 54, the demodulator 57, and the modulator 64. 

While this invention has thus far been described in a 
few embodiments thereof, it will readily be possible for 
those skilled in the art to put this invention into 
practice in various other manners. For example, the power 
amplifier 11 may not always have an infinite output 
impedance when it is bypassed by the bypass circuit 24 but 
may have a finite output impedance. With this structure, a 
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phase of the pre-amplif ied signal can be controlled at the 
first circulator port al of the circulator 30 by using the 
reflection from the power amplifier 11. Although the 
illustrated bypass circuit 24 has been specified by a 
short-circuit, it may have any impedance. In addition, the 
transmission power control circuit according to this 
invention may be used in a base station. 

At any rate, the transmission power control circuit 
according to this invention is advantageous in that current 
consumption can be remarkably reduced in the transmitter or 
the transmitter section on low output transmission because 
no current is substantially" caused to flow through the 
power amplifier 11. This brings about improvement of 
efficiency in the transmitter or the transmitter section. 
Moreover, high power transmission can be carried out like 
in the conventional circuit by putting the power amplifier 
11 into the active state together with the drain bias 
circuit 12' and the gate bias circuit 21, 
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Each feature disclosed in this Specif ication (which term 
includes the claims) and/or shown in the drawings may be 
incorporated in the invention independently of other disclosed 
and/or illustrated features. 

Statements in this specification of the "objects of the 
invention" relate to preferred embodiments of the invention, 
but not necessarily to all embodiments of the invention 

falling within the claims. 

The description of the invention with reference to the 

drawings is by way of example only. 

The text of the abstract filed herewith is repeated here 
as part of the specification. 

in a transmission power control circuit having a 
po „er amplifier, a bypass circuit is selectively switched 
£lo . the power amplifier on low power transmission by the 
use of first and second switches and a circulator which has 
^ ports. When the bypass circuit is connected to one 
port of the circulator through the first and tb. second 
switches', a signal which is not amplified by the power 
amplifier is circulated to a remaining port of the 
circulator for connection of the power amplifier and is 
reflected at the remaining port to be sent to an output 
port of. the circulator without attenuation. On connection 
of the bypass circuit, the power amplifier is turned off to 
reduce current consumption therein. 
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CLAIMS ; 

1. a transmission power control circuit having a 
circuit input terminal and a circuit output terminal and 
comprising : 

a first transmission circuit which has a first input 
terminal and a first output terminal; 

a second transmission circuit which has a second 
input terminal and a second output terminal; 

a circulator which has a first circulator port 
connected to the first output terminal, a second circulator 
port connected to the circuit output terminal, and a third 
circulator port selectively connected to the second output 
terminal and which is arranged to circularly transmit an electric signal 
from a selected one of the second and the third circulator 
ports to the first circulator port; and 

a switch circuit for selectively connecting the 
circuit input terminal to the first and the second 
transmission circuits to selectively supply the electric 
signal to the. first and the third circulator ports. 

2. A transmission power control circuit as claimed 
in claim 1, wherein the first transmission circuit has an 
output impedance; 

the electric signal being sent from the third 
circulator port to the second circulator port through the 
first circulator port in dependency upon the output 
impedance when the switch circuit selects the second 
transmission circuit to supply the electric signal to the 
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third circulator port through the second transmission 
circuit. 

3 . A transmission power control circuit as claimed 
in claim 2, wherein the output impedance of the first 
transmission circuit is substantially infinite and the 
electric signal is sent from the third circulator port to 
the second circulator port by being reflected by the frrst 

circulator port. 

4. A transmission power control circuit as claimed 

in claim 1. wherein the first transmission circuit 
comprises : 

a power amplifier which is located between the first 
input terminal and the first output terminal for a.pl^ins 
the electric signal sent through the first input 
terminal into an amplified signal produced through the 
first output terminal; 

the switch circuit comprising: 

a first switch coupled to the circuit input terminal 
to select either one of the first and the second input 
.terminals and to selectively connect the power a^lrfrer 
and the second transmission circuit; and 

a second switch for selectively connecting the second 
output terminal to the third circulator port. 

5 A transmission power control circuit as claimed 
in claim 4, wherein the second switch has a first switch 
terminal connected to a terminator and a second switch 
terminal connected to the second output terminal; 
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the first and the second switch terminals being, 
selectively connected to the third circulator port to 
select either one of the terminator and the second 
transmission circuit. 

6. A transmission power control circuit as claimed 
in claim 5, wherein the second transmission circuit is a 
bypass circuit for bypassing the power amplifier. 

7 . A transmission power control circuit as claimed 
in claim 4, wherein the power amplifier includes a field 
effect transistor (FET) which has a drain electrode, a 
source electrode, and a gate electrode. 

8. A transmission power control circuit as claimed 
in claim 7, wherein the first transmission circuit further 
comprises : 

a drain bias circuit, connected to a power source and 
the power amplifier, for selectively supplying a drain bias 
to the drain electrode of the FET when the power source is 
coupled to the power amplifier; and 

a gate bias circuit for controlling a gate bias given 
to the gate electrode of the FET. 

10 . A transmission power control circuit as claimed 
in claim 8, further comprising: 

a control circuit, coupled to the first switch, the 
second switch, the drain bias circuit, and the gate bias 
circuit, for selectively connecting either one of the power 
amplifier and the bypass circuit to the circulator by 
controlling the first and the second switches, the drain 
bias circuit, and the gate bias circuit. 
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11. A transmission power control circuit as claimed 
in claim 10, wherein the control circuit controls the drain 
bias circuit to put the drain bias circuit into an off 
state and to thereby disconnect the power amplifier from 
the power source when the bypass circuit is connected to 

the circulator . 

12. A transmission power control circuit as claimed 
in claim 11, wherein the control circuit delivers a switch 
control signal to the first and the second switches with 
reference to a transmission level of a circuit output 
signal sent through the circuit output terminal. 

13. A transmission power control circuit as claimed 
in claim 12, wherein the control circuit produces the 
switch control signal to connect the bypass circuit to the 
circulator through the first and the second switch when the 
transmission level is lower than a predetermined level and, 
otherwise, to connect the power amplifier to the circulator 
through the first switch. 

14 . A transmission power control circuit as claimed 

in claim 13, further comprising: 

a pre-amplifier, located between the circuit input 
terminal and the first switch, for amplifying an input 
signal into a pre-amplif ied signal sent to the first switch. 

15. A transmission power control circuit as claimed 
in claim 14, wherein the pre-amplif ied signal is 
transmitted through the bypass circuit to the circuit 
output terminal without being amplified by the power 
amplifier when the power amplifier is separated by the 
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first switch from the pre-amplif ier and is put into the off 
state under control of the controller. 

16. A transmission power control circuit as claimed 
in claim 15, wherein the pre-amplif ied signal is amplified 
by the power amplifier into an amplified signal when the 
power amplifier is selected by the first switch and is put 
into an on state under control of the control circuit. 

17 . a transmission power control circuit as claimed 
in claim 8, wherein the gate bias circuit is operable in 
response to a digital signal which is representative of a 
transmission level and which is given from the control 
circuit, the gate bias circuit comprising: 

a digital-to-analog (D/A) converter for converting 
the digital signal into an analog signal corresponding to 
the transmission level; and 

an inverting amplifier which is connected to the 
power source and which is operable in response to the 
analog signal to supply the gate bias to the gate electrode 
of the FET included in the power amplifier . 

18. A transmission power control circuit as claimed 
in claim 17, wherein the gate bias circuit further 
comprises : 

a negative voltage generating circuit, connected to 
the inverting amplifier, for supplying a negative voltage 
to the inverting amplifier. 

19. A transmission power control circuit as claimed 
in claim 5, wherein the terminator has an impedance 
determined by a characteristic impedance concerned with a 
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transmission path including the power amplifier. 

20. A transmission power control circuit as claimed 
in claim 6, wherein the bypass circuit is a short-circuit. 

21. A transmission power control circuit operable in 
response to an input transmission signal to produce an 
output signal, comprising: 

a power amplification circuit for amplifying the 
input transmission signal into an amplified signal; 

a bypass circuit for bypassing the input transmission 
signal to produce a non-amplified signal; and 

a selection circuit for selecting either one of the 
amplified signal and the non-amplified signal to 
widen the range of the gain of the output signal. 

22. A transmission power control circuit as claimed 
in claim 21, further comprising: 

a circulator which has first, second, and third 
circulator ports to circulate the amplified signal and the 
non-amplified signal from the first and the third 
.circulator ports, respectively, to the second circulator 
port to produce the output signal. 

23 . A transmission power control circuit as claimed 
in claim 22, wherein the non-amplified signal is subjected 
to reflection at the first circulator port and is 
thereafter circulated to the second circulator port. 

24. A method of controlling the electric power of an 
output transmission signal produced in response to an input 
transmission signal, comprising: 
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preparing a circulator which has a first circulator 
port, a second circulator port, and a third circulator 
port ; 

connecting, to the first circulator port, an 
amplifier which has an output impedance and which produces 
an amplified signal in response to the input transmission 
signal; 

connecting, to the third circulator port, a bypass 
circuit which has an impedance lower than the output 
impedance of the -amplifier; 

selectively supplying the input transmission signal 
through the bypass circuit to the circulator to circulate 
the input transmission signal from the third circulator 
port to the second circulator port through the first 
circulator port, to thereby cause reflection of the input 
transmission signal to occur at the first circulator port, 
and to produce a circulated signal as the output 
transmission signal. 

25. A transmission power control circuit substantially as 
•herein described with reference to and as shown in any of 

Figures 2, 3 and 5 of the accompanying drawings. 

26. A method of controlling the electrical power of an output 
transmission circuit substantially as herein described with 
reference to any of Figures 2, 3 and 5 of the accompanying 
drawings . 
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